The value of preoperative nutritional support in liver resection remains questionable. The aim of the present study was to compare the incidence of postoperative complications after liver resection between those patients that received preoperative immunonutrition versus those patients without preoperative nutritional support. SUBJECTS/METHODS: Patients undergoing elective liver resection between 9 November 2007 and 14 May 2013 were considered for the study: 84 with preoperative immunonutrition (Oral-Impact, Nestle, 3 × 237 ml per day for seven days at home) and 63 control patients without preoperative nutritional support. To reduce selection bias, propensity score matching was performed. Primary endpoint was the overall complication rate. Secondary endpoints were infectious and major complications. RESULTS: Ninety-eight patients could be matched (49 in each group). Seventy-seven patients (78.6%) had a minor and 21 patients (21.4%) a major liver resection. The two groups were balanced for age, gender distribution, American Society of Anesthesiology score ⩾ 3, NRS 2002 score, weight loss410%, cirrhosis, steathosis, preoperative chemotherapy, pathology, major liver resection and extrahepatic procedures. No significant differences were observed in the overall complication rate (53.0% versus 51.0%), infectious complications (38.7% versus 28.5%) and major complications (12.2% versus 10.2%) for the immunonutrition and control group, respectively. CONCLUSIONS: The present study did not permit to demonstrate an impact of preoperative immunonutrition with Oral-Impact on postoperative complications after minor liver resection.
INTRODUCTION
Liver resection remains an intervention with considerable morbidity. 1, 2 Infectious complications were registered in 22 to 41% of patients after liver resection. 1, 3 Surgical site infection was observed in 9-18% of patients. 4 Infectious complications after liver resection were associated with increased mortality, longer hospital stay and poorer long-term survival. 5, 6 Therefore, strategies to reduce the risk of infectious and overall complications are needed.
Immunonutrition is a therapeutic approach aimed at restoring immune function by correcting arginine deficiency and modulating the systemic inflammatory response. 7 Immunonutrition has been studied in gastrointestinal surgery since 1992, 8 and has shown to reduce the overall complication rate from 48% to 25% 9 and the infectious complication rate from 36% to 18%. [10] [11] [12] Perioperative immunonutrition in major abdominal surgery was recommended by the American Society for Parenteral and Enteral Nutrition and the European Society for Parenteral and Enteral Nutrition (ESPEN) and implemented in national guidelines. 13, 14 According to recent reports the value of nutritional support in liver resections remains questionable. 15, 16 To the best of the authors' knowledge, only one randomized trial of preoperative immunonutrition in liver resection has been reported. 17 In the authors' institution preoperative immunonutrition (Oral-Impact, Nestle) was used in major abdominal surgery including hepatobiliary surgery since 2009. The aim of the present study was to compare the incidence of postoperative complications after liver resection between those patients that received preoperative immunonutrition versus those patients without preoperative nutritional support.
SUBJECTS AND METHODS
The present study was performed in a single institution. One-hundred and sixty patients had 198 liver resections in the authors' institution between 9 November 2007 and 14 May 2013. The data were retrieved from a surgery department based liver resection database and retrospectively analyzed. In the database the following variables were prospectively recorded by the authors: age, gender, pathology, TNM-stage, histology, preoperative nutritional support and chemotherapy, preoperative laboratory values (hemoglobin, albumin, bilirubin, prothrombin-level and so on), bodyweight, weight loss, body-height, co-morbidities, NRS 2002 score, American Society of Anesthesiology (ASA) score, type of liver resection and associated procedures, length of operation and Pringle clamping time, estimated blood loss, perioperative transfusion, drainage, any postoperative complications with treatment, mortality, length of hospital stay and latest news.
Only the first liver resections (n = 160) were considered in the present study, in order to avoid paired data which are statistically not independent in patients with more than one liver resection. Nine patients with emergency liver resection and four patients with other preoperative nutritional support were excluded from the analysis. Therefore 147 patients were available for analysis (63 without nutritional support and 84 with Oral-Impact). In order to reduce selection bias because of the nonrandomized study design, propensity score matching was performed. 18 Immunonutrition was given at home before hospital admission with Oral-Impact, Nestle, 3 × 237 ml per day for 7 consecutive days. Oral-Impact is a ready to drink hypercaloric (1.41 kcal/ml) and hyperproteinic (18 g per unit = 76 g/l) solution, enriched with arginine 4.2 g per unit of 237 ml, omega-3 fatty acids (eicosapentaenoic acid and docosahexaenoic acid) 1.1 g per unit and nucleic acid (RNA) 0.43 g per unit. Immunonutrition was added to normal diet. The control group had normal diet without nutritional support. Preoperative immunonutrition was introduced in the authors' institution for major abdominal surgery including hepatobiliary surgery in 2009. 14 Patient's compliance with immunonutrition was verified the day before surgery by asking the patient if he had really taken OralImpact. However, the number of units was not registered.
Patients who required extrahepatic procedures like simultaneous colorectal resection or others were included in the study. All patients gave informed written consent for surgery and data collection. Ethics approvals were not required because of the retrospective monocentric study design and local data analysis without data transmission. 19 Patients were followed-up for at least 3 months.
Surgical Technique
The surgical technique was described elsewhere. 20 After a bilateral subcostal incision, liver parenchyma transection was performed by the clamp crushing technique under intermittent portal triad clamping. Ultrasonography and a bile leakage test were performed routinely. Red blood cells transfusion was given when hemoglobin level dropped below 8 g/dl and according to hemodynamic tolerance. Albumin was occasionally given postoperatively for the treatment of ascites. Postoperatively patients were monitored in the intensive care unit for at least 24 h. Antibiotics were given perioperatively according to guidelines. 21 During the study period-with the exception of the introduction of immunonutrition in 2009-there was no significant modification in the perioperative management: an enhanced recovery protocol was not yet introduced, carbohydrate loading was not used, transfusion practice and fluid management were not changed during the study period.
Definitions
Major abdominal surgery was defined as any gastric, hepatic, pancreatic, intestinal and colorectal resection. Major hepatectomy was defined as the resection of three or more liver segments. The Brisbane terminology was used for classification of the type of liver resection. 22 Extrahepatic procedures were defined as partial or total resection of other organs (colon, rectum, stomach, pancreas, diaphragm, adrenal gland) and biliodigestive anastomosis. Cholecystectomy, liver biopsy and lymph node sampling or dissection were not considered as extrahepatic procedures.
Overall complications were defined as any deviation from an uneventful postoperative course within 90 days after surgery. The diagnosis of an infectious complication was based on clinical, biological and radiological data and included: catheter, surgical site, pulmonary and urinary infections. The definition of infectious complications were given according to the criteria established by the Centers for Disease Control and Prevention and the Consensus Conference in 1991. 23 Infectious complications were treated adequately with either antibiotics, percutaneous drainage or surgical revision. Wound infection were classified as surgical site infection. Severity of complication were defined according to the Clavien-Dindo classification. 24 Hospital stay was defined as postoperative hospital stay. Nutritional risk was evaluated at admission according to the Nutritional Risk Screening 2002 (NRS 2002), as recommended by ESPEN. 25 Nutritional status was evaluated according to the Nutritional Risk Index (NRI), defined as: NRI = 1.519xalbuminemia (g/l)+41.7xactual weight/usual weight, as recommended by the French Society of Digestive Surgery.
14 According to the NRI patients were classified as: no malnutrition NRI ⩾ 97.5, moderate malnutrition NRIo97.5, and severe malnutrition NRIo83.5.
Endpoints
The primary endpoint was the overall complication rate. Secondary endpoints were infectious and major complications. The endpoints were chosen according to studies of immunonutrition in abdominal surgery. [9] [10] [11] [12] 27 A power analysis was not performed owing to the retrospective study design. 28 
Statistical analysis
Continuous variables were reported as mean with standard deviation or as median with range and compared with a non-parametric Mann-Whitney test. Dichotomous variables were compared with the Pearson χ 2 or Fisher's exact test, as appropriate. For paired variables (after matching), a McNemar test was used for dichotomous and a Wilcoxon Signed-Ranks test for continuous variables. All statistical tests were two-sided, and Po 0.050 was considered significant.
To correct for baseline selection bias, propensity score matching was performed. 18 A propensity score was constructed with logistic regression analysis for each of the 147 patients using 11 preoperatively known variables: age in years, female gender, cancer, ASA score ⩾ 3, NRS 2002 score, cirrhosis, hepatocellular carcinoma, colorectal metastasis, cholangiocarcinoma, extrahepatic procedure and major liver resection, to predict the probability to receive immunonutrition. One to one greedy, nearestneighbor matching without replacement on the logit of the propensity score and using a caliper distance equal to 0.25 of the standard deviation of the logit of the propensity score 18 was performed to form pairs of treated and untreated subjects. Balance diagnostics for comparing the distribution of baseline covariates between immunonutrition and control groups in the unmatched and propensity score matched samples were performed using standardized differences. 29 
RESULTS

Un-matched sample
Baseline characteristics of all 147 patients were shown in Table 1 . There were significant covariate imbalances between both groups: patients with immunonutrition were older and had more often cancer and hepatocellular carcinoma. Cirrhosis, ASA score ⩾ 3, comorbidity and malnutrition defined by weight loss410%, or NRIo 97.5 were more frequently recorded in the immunonutrition group. However, the differences were not significant as shown in Table 1 .
Matched sample Ninety-eight patients (66.7%) could be matched. Baseline data are shown in Table 2 . The immunonutrition and control groups were balanced for age, gender distribution, ASA score ⩾ 3, NRS 2002 score, weight loss410%, cirrhosis, steathosis, preoperative chemotherapy, pathology, major liver resection and extrahepatic procedures (standardized differences below or near 0.1). For Charlson Comorbidity Index, body mass index, NRI o 97.5, and mean weight loss standardized differences remained between 0.1 and 0.15 after propensity score matching. The baseline covariate imbalances for the unmatched and matched samples were illustrated in Figure 1 .
All patients with cirrhosis (n = 8) were classified as Child-Pugh A. The cause of cirrhosis was viral hepatitis in five patients (2 B and 3 C). Cirrhotic patients had a median age of 58.5 years (range 49-81), all had cancer: hepatocellular carcinoma (seven patients) and colorectal liver metastasis (one patient), and four had nutritional risk: NRS 2002 score ⩾ 3.
The type of liver resection, simultaneous extrahepatic procedures and intraoperative data were shown in Table 3 . Postoperative course was uneventful in 47 patients. Median hospital stay after the operation was 10 days (range 4-62).
Complications in matched patients
Complications were registered in 51 patients (52.0%). No patient required reoperation. Five patients (5.1%) had a percutaneous radiological drainage for infected intraabdominal collections. Anastomotic leakage after simultaneous colorectal resection (n = 20) were not registered in the study patients. Major complications (Clavien-Dindo ⩾ 3) were recorded in 11 patients (11.2%) and infectious complications in 33 patients (33.6%). Pulmonary infections were registered in 13 patients (13.3%), surgical site infection (including wound infection) in 11 patients (11.2%), urinary tract infection in five patients (5.1%), and central venous catheter infection in eight patients (8.2%). Some patients had more than one infection. Data were shown in Table 4 . There were no significant differences between the immunonutrition and control group for any of the studied endpoints.
Mortality in matched patients
There were no intraoperative deaths. Two patients (2.0%) died within 90 days; causes of death were: septic choc and multiorgan failure after extended right hepatectomy with bile duct resection after preoperative biliary drainage for hilar cholangiocarcinoma, and septic cerebral embolism as a result of endocarditis in a patient with hepatocellular carcinoma and liver cirrhosis.
DISCUSSION
The aim of the present study was to compare the incidence of postoperative complications after liver resections between those patients who received preoperative immunonutrition with OralImpact versus those patients who didn't receive preoperative nutritional support. The present study did not permit to demonstrate an impact of preoperative immunonutrition with Oral-Impact on overall, major and infectious complications after minor liver resection.
To the best of the authors' knowledge, only Mikagi et al. 17 have analyzed in a randomized study the effect of preoperative immunonutrition versus no nutritional support in liver resection. Twenty-six patients were included in their study. Mikagi et al. 17 have shown a decreased postoperative inflammatory response, measured by significantly lower white blood cell counts and interleukin 6-levels for patients with immunonutrition versus control patients. In their study the incidence of postoperative complications was not significantly different between the immunonutrition group versus the control group.
Immunonutrition was studied in liver transplantation. In 2005 a pilot study by Plank et al.
30 compared 15 patients with preoperative immunonutrition with 17 historical controls. Infectious complications were registered in five patients (33.3%) with immunonutrition versus 12 patients (70.5%) in the control group (P = 0.074). However, the results were biased by the nonrandomized study design and a high reoperation rate (47.0%) in the control group. In 2010 Plank et al. 31 reported a randomized study including 101 patients with liver transplantation. Infectious complication were recorded in 60% patients with perioperative immunonutrition versus 57% control patients with isonitrogenous, isocaloric nutrition (P = 0.841).
31
It has been shown that preoperative immunonutrition may reduce the overall and infectious complication rate in colorectal, pancreatic and gastric surgery. [9] [10] [11] However, patients with liver resection were not included in these studies.
Recently, Hübner et al. 27 included 62 patients undergoing hepatobiliary surgery in a randomized trial with a total of 145 patients (73 with Oral-Impact and 72 with isocaloric isonitrogenous nutrition) at nutritional risk (NRS 2002 score ⩾ 3) and undergoing major gastrointestinal surgery. Complications were registered in 39 immunonutrition patients (53.4%) versus 33 control patients (45.8%) (P = 0.408). Subgroup analysis for patients with liver resection was not performed. 27 A Cochrane review by Koretz et al. 15 analyzed nutritional support with oral nutritional supplements for surgical disorders in liver disease. Besides the study of Mikagi et al. 17 three other trials of liver resection, and analyzing oral nutritional supplements versus a control group without nutritional support, were included in the review. [32] [33] [34] No differences were found with regard to postoperative complications in these trials. 15 In summary, trials for liver resection reported no benefit for oral nutritional supplements (immunonutrition or others) versus no nutritional support; 17, [32] [33] [34] and trials for liver transplantation, 31 and gastrointestinal surgery including hepatobiliary surgery 27 found no benefit for immunonutrition versus an isonitrogenous, isocaloric nutrition with regard to postoperative complications. The present study, which did not permit to demonstrate an impact of immunonutrition on postoperative complications after liver resection, seems to confirm these trials.
17,31-34 Figure 1 . Absolute standardized differences for baseline covariates comparing treated (preoperative immunonutrition) to control subjects in the original (147 patients) and in the matched sample (98 patients) for liver resection.
Limitations
In the present study in the unmatched sample, there were significant covariate imbalances between both groups (Table 1) . Therefore, propensity score matching was performed to reduce baseline covariate imbalances between groups. 18 The immunonutrition and control group in the matched sample were balanced for the majority of measured baseline covariates (standardized differences below or near 0.1). For some baseline covariates standardized differences remained between 0.1 and 0.15 after matching: NRI o 97.5 (moderate malnutrition) was more frequently observed in control patients, and mean weight loss was 5.7% in control patients versus 5.0% in immunonutrition. On the other hand mean Charlson Comorbidity Index was 5.6 in immunonutrition versus 5.3 in control patients. (Table 2 ). These differences were not significant. However, the authors cannot rule out that more sophisticated methods for determining the nutritional status would show a significant difference between groups in the matched sample.
The remaining covariates imbalance after matching were partially explained by the rather small number of patients (n = 147), which limited the possibilities of matching. Furthermore, propensity score matching will, on an average, result in measured baseline covariates being balanced between treatment groups. 18 Non-measured covariates can only be balanced between treatment groups by randomization. The absence of randomization remains the major limitation of the present study.
Furthermore, the rather small number of patients available for analysis after propensity score matching limited the statistical value of the present study. Type II error may be an explanation for the absence of benefit of immunonutrition observed in the present study. A further limitation of the present study was the small number of major liver resection 21.4% (21/98) in the matched sample. Therefore, the findings of the present study are limited to minor hepatectomy.
A possible bias may be a shorter median operation time and a higher transfusion rate for the immunonutrition group. It has been shown, that a shorter operation time was associated with a reduced complication rate and inversely. 35 On the other hand, a higher transfusion rate has been reported to increase the complication rate. 36 In consequence, the effect of both variables on the complication rate in the immunonutrition group may be 'neutralized'. The duration of the operation and the transfusion rate were not included in the propensity score model, as only variables that are measured at baseline (before the administration of treatment) should be included in the model. 18 A further bias may be the compliance with immunonutrition. In the present study, patients started immunonutrition 7 days before surgery at home. The day before surgery the patients were asked if they have really taken Oral-Impact and all patients in the immunonutrition group have indeed done so. However, the number of units of immunonutrition taken by patients were not recorded. This was a shortcoming of the present study, as it is assumed that the effect of immunonutrition depends on dose. A limited compliance with preoperative immunonutrition has been reported in the outpatient setting and may influence postoperative outcome. 27 Concerning the timing of the immunonutrition recent metaanalyses have underlined the importance of peri and postoperative administration of immunonutrition. 37, 38 On the other hand, preoperative administration was recommended in 2005 by French guidelines 14 for major abdominal surgery based on studies that have demonstrated a benefit of pre and perioperative One patient had bisegmentectomy+unisegmen-tectomy (three resected segments) and one patient had two bisegmentectomies classifying those resections as major hepatectomy.
b Other extrahepatic procedures included: total gastrectomy (n = 2), left pancreatectomy (n = 2) partial resection of the right diaphragm (n = 2), right adrenalectomy (n = 2) and biliodigestive anastomosis (n = 4). Immunonutrition in liver resectionimmunonutrition for reducing infectious 10 and overall 9 complications after gastrointestinal surgery. For logistical reasons OralImpact was not available inside the hospital during the study period. Therefore, the administration of immunonutrition was limited to the preoperative outpatient setting. The absence of postoperative immunonutrition may contribute to the 'negative' results of the present study. 38 With these limitations, the present study may be regarded as a 'real life' picture of immunonutrition for liver resection in the authors' institution. The authors expected to observe a reduced complication rate after introducing immunonutrition for liver resection, based on reports showing a reduction of complications in gastrointestinal surgery. [9] [10] [11] [12] The authors continue to use immunonutrition for gastrointestinal surgery, 12 and selectively in patients undergoing liver resections. However, further study of immunonutrition in liver resection is needed.
CONCLUSION
The present study did not permit to demonstrate an impact of preoperative immunonutrition with Oral-Impact on postoperative complications after minor liver resection.
